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1
REFERENCE PIXEL REDUCTION FOR
INTRA LM PREDICTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application No. 61/588,359 filed Jan. 19, 2012 by
Lingzhi Liu, et al. and entitled “Reference Pixel Reduction
for Intra LM Prediction,” which is incorporated herein by
reference as if reproduced in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

Not applicable.

BACKGROUND

The amount of video data needed to depict even arelatively
short film can be substantial, which may result in difficulties
when the data is to be streamed or otherwise communicated
across a communications network with limited bandwidth
capacity. Thus, video data is generally compressed before
being communicated across modern day telecommunication
networks. Video compression devices often use software and/
or hardware at the source to encode the video data prior to
transmission, thereby decreasing the quantity of data needed
to represent video frames or images. The compressed data is
then received at the destination by a video decompression
device that decodes the video frames. Due to limited network
resources, it is desirable to develop compression and decom-
pression techniques that increase compression ratios and/or
reduce implementation complexity without substantially sac-
rificing video quality.

SUMMARY

In one embodiment, the disclosure includes a video codec
comprising a processor configured to generate a prediction
block for a chroma block, wherein the prediction block com-
prises a predicted chroma sample, wherein the predicted
chroma sample is based on a filtered reconstructed luma
sample located in a corresponding reconstructed luma block,
a plurality of downsampled filtered reconstructed luma
samples located in positions neighboring the corresponding
reconstructed luma block, and a plurality of downsampled
chroma samples located in positions neighboring the chroma
block.

In another embodiment, the disclosure includes a method
used in video coding comprising downsampling filtered
reconstructed luma samples located in positions neighboring
a reconstructed luma block to generate a plurality of down-
sampled filtered reconstructed luma samples, downsampling
reconstructed chroma samples located in positions neighbor-
ing a chroma block to generate a plurality of downsampled
reconstructed chroma samples, and generating a prediction
block for the chroma block, wherein the prediction block
comprises a predicted chroma sample, wherein the predicted
chroma sample is based on a filtered reconstructed luma
sample located in the reconstructed luma block, the plurality
of downsampled filtered reconstructed luma samples; and the
plurality of downsampled reconstructed chroma samples.
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Inyet another embodiment, the disclosure includes a video
codec comprising a processor configured to receive a chroma
block, generate a filtered reconstructed luma block corre-
sponding to the chroma block, downsample a plurality of
filtered reconstructed luma samples and a plurality of recon-
structed chroma samples to generate downsampled filtered
reconstructed luma samples and downsampled reconstructed
chroma samples, respectively, if the chroma block is larger
than a threshold block size, wherein the plurality of filtered
reconstructed luma samples are located in neighboring blocks
of the filtered reconstructed luma block, and wherein the
plurality of reconstructed chroma samples are located in
neighboring blocks of the chroma block, generate a predic-
tion block for the chroma block, wherein the prediction block
comprises a plurality of predicted chroma samples, wherein
each of the plurality of predicted chroma samples is based on
a corresponding reconstructed luma sample located in a cor-
responding reconstructed luma block, the downsampled fil-
tered reconstructed luma samples and the downsampled
reconstructed chroma samples if the chroma block is larger
than the threshold block size; and the plurality of filtered
reconstructed luma samples and the plurality of reconstructed
chroma samples if the chroma block is equal to the threshold
block size.

These and other features will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure, ref-
erence is now made to the following brief description, taken
in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like
parts.

FIG. 1 is an illustration of downsampling of filtered luma
samples.

FIG. 2 is a schematic diagram of an embodiment of a video
encoder.

FIG. 3 is a schematic diagram of an embodiment of a video
decoder.

FIG. 4 is an illustration of downsampling of top and left
neighboring filtered luma samples according to one embodi-
ment.

FIG. 5 is a flowchart of an embodiment of an intra predic-
tion method.

FIG. 6 is a schematic diagram of a general purpose com-
puter system.

DETAILED DESCRIPTION

It should be understood at the outset that, although an
illustrative implementation of one or more embodiments are
provided below, the disclosed systems and/or methods may
be implemented using any number of techniques, whether
currently known or in existence. The disclosure should in no
way be limited to the illustrative implementations, drawings,
and techniques illustrated below, including the exemplary
designs and implementations illustrated and described
herein, but may be modified within the scope of the appended
claims along with their full scope of equivalents.

Typically, video media involves displaying a sequence of
still images or frames in relatively quick succession, thereby
causing a viewer to perceive motion. Each frame may com-
prise a plurality of picture elements or pixels, each of which
may represent a single reference point in the frame. During
digital processing, each pixel may be assigned an integer
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value (e.g., 0, 1, ..., 255) that represents an image quality or
color at the corresponding reference point. The color space
may be represented by three components including a lumi-
nance (luma orY) component and two chrominance (chroma)
components, denoted as Cb and Cr (or sometimes as U and
V). A luma or chroma integer value is typically stored and
processed in binary form using bits. The number of bits used
to indicate a luma or chroma value may be referred to as a bit
depth or color depth.

In use, an image or video frame may comprise a large
amount of pixels (e.g., 2,073,600 pixels in a 1920x1080
frame), thus it may be cumbersome and inefficient to encode
and decode (generally referred to hereinafter as code) each
pixel independently. To improve coding efficiency, a video
frame is usually broken into a plurality of rectangular blocks
or macroblocks, which may serve as basic units of processing
such as coding, prediction, transform, and quantization. For
example, a typical MxM block may comprise M? pixels,
where M is an integer greater than one and is often a multiple
of four. In the YUV or YCbCr color space, each luma (Y)
block corresponds to two chroma blocks including a Cb block
and a Crblock. The Cb block and Cr block also correspond to
each other. The chroma blocks and their corresponding luma
block are may be located in a same relative position of a video
frame, slice, or region.

In video coding, various sampling rates may be used to
code the YCbCr components. The size of a Cb block, its
corresponding Cr block, and/or its corresponding Y block
may be the same or different depending on a sampling rate.
For example, in a 4:2:0 sampling rate, each MxM chroma (Cb
or Cr) block may correspond to a 2Mx2M luma block. In this
case, a width or height of the chroma block is half that of the
corresponding luma block. The chroma components are
downsampled or subsampled, since human eyes may be less
sensitive to chroma components than to the luma component.
For another example, in a 4:4:4 sampling rate, each MxM
chroma (Cb or Cr) block may correspond to a MxM luma
block. In this case, higher video fidelity may be preserved, but
more data may need to be coded. Other sampling rates, such
as 4:2:2,4:2:1, etc., may also be used.

A block in a video frame may be spatially correlated with
other blocks within the same frame such that pixel values
across some blocks may vary only slightly and/or exhibit
repetitious textures. Modern methods of video-compression
exploit these spatial correlations using various techniques
which may be known collectively as intra-frame prediction
(or in short as intra prediction). When coding a current block
using intra prediction, a prediction block or prediction unit is
generated based on one or more previously coded reference
blocks. The prediction block may be an estimated version of
the current block. A residual block may be generated by
subtracting the current block from the prediction block, or
vice versa, which represents prediction residuals or errors.
Since an amount of data needed to represent the prediction
residuals may typically be less than an amount of data needed
to represent the original block, the residual block may be
coded instead of the current block to achieve a higher com-
pression ratio.

Intra prediction may be implemented by a video encoder or
decoder (generally referred to herein as a codec). In the
encoder, a residual block generated by intra prediction may be
transformed, quantized, and scanned before being included
into an encoded data stream. Upon reception of the encoded
data stream, a decoder may add a reconstructed residual block
to an independently generated prediction block to recreate the
current block. Although the recreated current block may be an
imperfect version of the original current block, e.g., due to
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quantization, their differences may be hardly perceptible to
the human eye. Thus, substantial bit savings may be derived
without significantly degrading the quality of the recon-
structed image.

In a video region where neighboring blocks are identical or
near-identical, use of intra prediction may result in a residual
block comprising many zero and/or near-zero pixel values.
Furthermore, transformation, quantization, and/or scanning
of the residual block may remove many of the zero and/or
near-zero coefficients from the encoded data stream, thereby
resulting in further compression of video data. Thus, more
accurate prediction of the original image may result in higher
coding efficiencies. To improve accuracy of intra prediction,
video/image coding standards may utilize a plurality of intra
prediction modes. For example, up to six intra prediction
modes may be used for the chroma components (including Cr
and Cb) in high efficiency video coding (HEVC), which is
poised to be the next video standard issued by the Joint
Collaborative Team on Video Coding (JCT-VC) of the Inter-
national Telecommunications Union (ITU) Telecommunica-
tions Standardization Sector (ITU-T) and International Orga-
nization for Standardization (ISO)/International
Electrotechnical Commission (IEC) Moving Picture Experts
Group (MPEG).

For the chroma components, six intra prediction modes
may include a chroma from luma prediction mode (referred to
as a linear model, mode, or method (LM) mode), a vertical
prediction mode, a horizontal prediction mode, a diagonal
mode, a direct current (DC) prediction mode, and a direct
mode (DM) derived from the luma component. Various algo-
rithms may be used to determine an optimal intra prediction
mode for a chroma block. For example, an encoder may test
an intra predicting chroma block using some or all of the
available modes, and then calculate a sum of absolute error
(SAE) for each prediction mode. The prediction mode lead-
ing to the smallest SAE may be selected as the optimal mode.
It should be noted that in a final HEVC standard to be issued,
the intra prediction modes used for the chroma components
may be different from the six aforementioned modes. The
present disclosure relates mainly to the LM mode.

According to a HEVC work draft entitled “WDS5: Working
Draft 5 of High-Efficiency Video Coding” with document
number JCTVC-G1103_d4, which is hereby incorporated by
reference, a current design of LM mode utilizes reconstructed
luma samples or pixels to generate chroma samples. Specifi-
cally, when a LM mode is to be implemented to generate a
prediction block for a current chroma (Cb or Cr) block, the
LM mode includes obtaining a linear combination of previ-
ously reconstructed luma samples that have been interpolated
from within a corresponding luma block of the current
chroma block. The LM mode further includes obtaining a
linear combination of previously reconstructed luma samples
from luma blocks which neighbor the corresponding luma
block. In addition, the LM mode further includes obtaining
previously reconstructed chroma samples from chroma
blocks which neighbor the current chroma block.

According to JCTVC-G1103 d_4, sample values of the
chroma prediction block may be derived using algorithms
and/or equations (1) to (18) described in paragraphs below.
Before getting to the equations, definitions of variables used
in equations herein are given first.

For a reconstructed luma block with 2 nS (nS is a positive
integer) luma samples on each of its four sides, [x, y]| denotes
aposition or index of aluma sample in the reconstructed luma
block, wherein both integers x and y range from O to 2nS-1.
Further, recSamples, [x, y] denotes a luma sample at position
[%, y]. In HEVC working drafts (e.g., Document JCTVC-
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G1103 d_4), recSamples,[x, y] may sometimes also be
denoted as P;, [x, y]. In equations herein, notation: m=n. . .
k is used to suggest a range of values, wherein m starts from
n (including n) and ends with k (including k), and wherein m,
n, and k are all integers. For instance, x and y ranging from 0
to 2nS-1 is denoted as “x, y=0 . .. 2nS-1".

As mentioned above, reconstructed luma samples in the
left and top neighboring luma blocks may also be used in the
LM mode to predict the current chroma block. [x, —1] denotes

a position or index of a luma sample in a column left to and 10

adjacent the corresponding luma block (referred to hereafter
as the left neighboring column), and [-1, y] denotes a position
of a luma sample in the row above and adjacent the corre-
sponding luma block (referred to hereafter as the top neigh-
boring row), wherein both x and y range from 0 to 2nS-1.
That is, standard array notation is followed where [x,y]
denotes row position x and column position y. Further, rec-
Samples; [x, —1] denotes a luma sample at position [x, -1],
and recSamples;[-1, y] denotes a luma sample at position
[-1. yl.

In 4:2:0 sampling, the reconstructed 2nSx2nS correspond-
ing luma block may be first filtered to an nSxnS luma block,
which is then used as a reference block for intra prediction of
the current chroma block. For the filtered luma block with nS
luma samples on each of its four sides, p,/[X, y] denotes a
filtered luma sample at position [X, y] wherein both x and y
range from O to nS-1. Similarly, the left neighboring column
and the top neighboring row comprising luma samples may
also be first filtered before used reference samples in the LM
mode. After filtering, py/[x, —1] denotes a filtered luma
sample at position [x, —1], and p;'[-1, y] denotes a value of a
filtered luma sample at position [-1, y], wherein both x and y
range from O to nS-1.

As mentioned above, previously coded chroma samples in
the left and top neighboring chroma blocks may also be used
in the LM mode. In the neighboring chroma blocks, [x, —1]
denotes an index of a chroma sample in a column left of and
adjacent the current chroma block (also referred to as the left
neighboring column or vector), and [-1, y] denotes an index
of'a chroma sample in the row above and adjacent the current
chroma block (also referred to as the top neighboring row or
vector), wherein both x and y range from 0 to nS-1. Further,
plx, 1] denotes a chroma sample at position [x, —1], and
pl-1,y] denotes a chroma sample at position [-1, y], wherein
both x and y range from 0 to nS-1.

For the chroma prediction block to be computed, pred-
Samples[x, y| denotes a prediction or predicted chroma
sample at position [X, y], wherein x and y range from 0 to
nS-1. BitDepthC denotes a number of bits (i.e., bit depth)
used for the chroma component (Cr or Cb). For example, in
HEVC, BitDepthC may equal 8 or 10 (or any other suitable
value). If BitDepthC=8, chroma samples such as p[x, y| and
predSamples[x, y] may have a maximum of 8 bits. In use, the
luma component may typically have a same bit depth as the
chroma component, thus filtered luma samples such as p,’[x,
y] have a same maximum number of bits as p[x, y].

In the LM mode, to generate predicted chroma samples, the
reconstructed luma samples are filtered first. Equation (2)
applies a 3-tap filter with [1 2 1] coefficients to 2nS recon-
structed luma samples located in the top neighboring row and
produces nS filtered luma samples. Equation (3) applies a
2-tap averaging filter to 2nS reconstructed luma samples in
the left neighboring column and produces nS filtered luma
samples. Equation (3) also applies a 2-tap averaging filter to
2nSx2nS reconstructed luma samples in the corresponding
luma block and produces nSxnS filtered reconstructed luma
samples.
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k3=Max(0,BitDepth + log,(©S)-14) (€8]

py'fx,—1]=(recSamples;[2x-1,-1]+2*recSamples;
[2x,—1]+recSamples; [2x+1,—-1]+2)>>2, with
x=0...nS-1 2)

py'fxy]=(recSamples; [2x,2y]+recSamples;[2x, 2y+

1])>>1, withx=-1...u5-1y=0...x5-1 3)

A series of intermediate variables, denotedas L., C, LL, LC,
and k2, may be introduced to derive predicted chroma
samples (i.e., predSamples[x,y]) as shown in the following
equations/pseudo code:

nS—1 nS—1 )
L= [Z prl=131+ > pilx, —11] > k3
=0 %=0
nS—1 ns—1 (5)
Cc= Z pl-1, y]+ Z plx, —1]] > k3
=0 %=0
ns—1 ns—1 (6)
LL:[ p’y[—l,y]2+2p’y[x,—l]z]>>k3
=0 %=0
ns—1 €]

nS—1
IC= [Z PyI=L I pl=1,¥1+ 3 pylx, =1]% plx, —11] > k3

=0 =0

k2=log,((2*1S)>>k3) (8)

Next, more intermediate variables, denoted as al, a2, k1,
als, a2s, a3, alpha, k, and beta, may be derived using the
following pseudo code:

al=(LC<<k2)-L*C ©)

@2=(LL<<k2)-L*L (10)

k1=Max(0,log,(abs(a2))-5)-Max(0,log,(abs(al))-

14)+2 an

als=al>>Max(0,log,(abs(al))-14) (12)

a2s=abs(a2>>Max(0,log,(abs(a2))-5)) (13)

a3=a2s<1?2:Clip3(-2'°,2'5~1,als*Im Div [a2s]+

(1<<(k1-1))>>k1) 14

alpha=a3>>Max(0,log,(abs(a3))-6) (15)

k=13-Max(0,log,(abs(alpha))-6) (16)

beta=(L((alpha* C)>>k)+(1<<(k2-1)))>>k2 a7

After obtaining alpha, beta, and k, predicted chroma
samples may be computed as follows:

predSamples[x,y]=Clipl A((py'/x,3] *alpha)>>k)+
beta), with x,y=0 ... nS-1 (18)
where function Clipl ~(x) is defined as
Clipl +(x)=Clip3(0,(1<<BitDepth)-1,x)

and where function Clip3(x, vy, z) is defined as

X; 2<X
Y 2>y
z; otherwise

Clip3(x, y, 2) =
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Note that the predicted chroma samples predSamples [x,y]
are based on filtered luma samples in a corresponding block
as well as filtered luma samples in a left neighboring column
and top neighboring row as well as reconstructed chroma
samples in a left neighboring column and top neighboring
row. Additional details on equations (1) through (18) may be
found in the document JCTVC-G1103_4.

In the above pseudo code, after a2s is calculated from
equation (13), it is used as an index or key of a look-up table
to get a value of 1 mDiv, which is then used in equation (14).
Table 1 shows a specification of an 1 mDiv look-up table,
which is listed as Table 8-9 in the document JCTVC-
G1103_d4.

TABLE 1

10

8

FIG. 2 illustrates an embodiment of a video encoder 105, in
which a disclosed LM mode may be used. The video encoder
105 may comprise a rate-distortion optimization (RDO) mod-
ule 110, a prediction module 120, a transform module 130, a
quantization module 140, an entropy encoder 150, a de-quan-
tization module 160, an inverse transform module 170, and a
reconstruction module 180 arranged as shown in FIG. 2. In
operation, the video encoder 105 may receive an input video
comprising a sequence of video frames (or slices). Herein, a
frame may refer to any of a predicted frame (P-frame), an
intra-coded frame (I-frame), or a bi-predictive frame
(B-frame). Likewise, a slice may refer to any of a P-slice, an
I-slice, or a B-slice.

Specification of ImDiv look-up table in JCTVC-G1103_d4.

als 1 2 3 4 5 6 7 8
ImDiv 32768 16384 10923 8192 6554 5461 4681 4096
als 14 15 16 17 18 19 20 21
ImDiv 2341 2185 2048 1928 1820 1725 1638 1560
als 27 28 29 30 31 32 33 34
ImDiv 1214 1170 1130 1092 1057 1024 993 964
als 40 41 42 43 44 45 46 47
ImDiv 819 799 780 762 745 728 712 697
als 53 54 55 56 57 58 59 60
ImDiv 618 607 596 585 575 565 555 546

9 10 11 12 13
3641 3277 2979 2731 2521
22 23 24 25 26
1489 1425 1365 1311 1260
35 36 37 38 39
936 910 886 862 840
48 49 50 51 52
683 669 655 643 630
61 62 63 64
537 529 520 512

Inequations (4) through (7), reference samples from recon-
structed above and left neighboring blocks may be used to
calculate the parameters needed for the LM mode intra pre-
diction, L, C, LL, and L.C. In the current design of HEVC Test
Model, HM v5.0, the calculations in equations (4) through
(7), involve 2nS downsampled reconstructed luma samples
and 2n8S reconstructed chroma samples, where nS is the pre-
diction size, which is equal to the width or height of the
current predicted block.

FIG. 1 is an illustration of downsampling of filtered luma
samples that takes place according to equations (2) and (3).
As shown in FIG. 1, 2nSx2nS luma samples 101 are down-
sampled to nSxnS filtered luma samples 102, and 2nS filtered
luma samples, comprising nS “left” neighboring samples p,’
[x, =1] for x=0,1, . . . nS-1 and nS “above” or “top” neigh-
boring samples p[-1, y] for y=0, 1, . . . nS-1, are used in
equations (4) through (7). Although not shown in FIG. 1, 2nS
chroma samples, comprising nS “left” neighboring samples
plx, 1] for x=0, . . . , nS-1 and nS “above” or “top” neigh-
boring samples p[-1, y] for y=0, . . . nS-1, are used in
equations (4) through (7). (Recall that standard array notation
may be used in which [x,y] denotes row position x and col-
umn position y.) For each block, the total number of additions
in equations (4) through (7) may be 8*nS, and the total num-
ber of multiplications may be 4*nS.

Disclosed herein are systems, methods, and apparatuses
for reducing the complexity of intra prediction in the LM
mode. Schemes are presented for downsampling chroma
samples and luma samples in order to reduce complexity of
intra prediction in LM mode. The schemes may be imple-
mented in a video codec. In one embodiment, downsampling
may be accomplished by selecting one of every two or four
samples for use in intra prediction calculations. In another
embodiment, downsampling may be accomplished by per-
forming a sliding average of groups of samples to yield a
reduced number of samples. By reducing the number of
samples, a number of additions and multiplications may be
reduced with little loss in coding performance.
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The RDO module 110 may be configured to coordinate or
make logic decisions for one or more of other modules. For
example, based on one or more previously encoded frames,
the RDO module 110 may determine how a current frame (or
slice) being encoded is partitioned into a plurality of coding
units (CUs), and how a CU is partitioned into one or more
prediction units (PUs) and transform units (TUS). CU, PU,
and TU are various types of blocks used in HEVC. In addi-
tion, the RDO module 110 may determine how the current
frame is to be predicted. The current frame may be predicted
via inter and/or intra prediction. For intra prediction, there are
a plurality of available prediction modes or directions in
HEVC (e.g., 34 modes for the Y component and six modes
(including LM mode) for the U or V component), and an
optimal mode may be determined by the RDO module 110.
For example, the RDO module 110 may calculate a sum of
absolute error (SAE) for each prediction mode, and select a
prediction mode that results in the smallest SAE.

The prediction module 120 may utilize either reference
frames for inter prediction or reference pixels in the current
frame for intra prediction. In an embodiment, the prediction
module 120 is configured to use a disclosed LM mode to
generate a prediction block for a current chroma block from
the input video. The prediction block comprises a plurality of
predicted chroma samples, each of which may be generated
based on a first plurality of reconstructed luma samples
located in a corresponding reconstructed luma block, a sec-
ond plurality of reconstructed luma samples located in neigh-
boring blocks of the corresponding reconstructed luma block,
and a plurality of reconstructed chroma samples located in
neighboring blocks of the chroma block. In an embodiment,
generating the plurality of predicted chroma samples includes
computing the intermediate variable a2s using e.g., equation
(13) described earlier, which is based on the second plurality
of reconstructed luma samples. Generating the plurality of
predicted chroma samples further includes deriving the inter-
mediate variable 1 mDiv from a2s using a look-up table. In an
embodiment, the look-up table may comprise less than 63 a2s
values.
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Upon generation of the prediction block for the current
chroma block, the current chroma block may be subtracted by
the prediction block, or vice versa, to generate a residual
block. The residual block may be fed into the transform
module 130, which may convert residual chroma samples into
a matrix of transform coefficients via a two-dimensional
orthogonal transform, such as a discrete cosine transform
(DCT). Then, the matrix of transform coefficients may be
quantized by the quantization module 140 before being fed
into the entropy encoder 150. The quantization module 140
may alter the scale of the transform coefficients and round
them to integers, which may reduce the number of non-zero
transform coefficients. As a result, a compression ratio may
be increased. Quantized transform coefficients may be
scanned and encoded by the entropy encoder 150 into an
encoded bitstream. Further, to facilitate continuous encoding
of chroma blocks, the quantized transform coefficients may
also be fed into the de-quantization module 160 to recover the
original scale of the transform coefficients. Then, the inverse
transform module 170 may perform the inverse of the trans-
form module 130 and generate a noisy version of the original
residual block. Then, the lossy residual block may be fed into
the reconstruction module 180, which may generate recon-
structed luma and/or chroma samples for intra prediction of
future chroma blocks. If desired, filtering may be performed
on the reconstructed samples before they are used for intra
prediction.

It should be noted that FIG. 2 may be a simplified illustra-
tion of a video encoder, thus it may include only part of
modules present in the video encoder. Other modules (e.g.,
filter, scanner, and transmitter), although not shown in FI1G. 2,
may also be included to facilitate video encoding as under-
stood by one of skill in the art. In addition, depending on the
encoding scheme, some of the modules in the video encoder
may be skipped. For example, in lossless encoding of certain
video content, no information loss may be allowed, thus the
quantization module 140 and the de-quantization module 160
may be skipped. For another example, if the residual block is
encoded directly without being converted to transform coef-
ficients, the transform module 130 and the inverse transform
module 170 may be skipped. Moreover, prior to transmission
from the encoder, the encoded bitstream may be configured to
include other information, such as video resolution, frame
rate, block partitioning information (sizes, coordinates), pre-
diction modes, etc., so that the encoded sequence of video
frames may be properly decoded by a video decoder.

FIG. 3 illustrates an embodiment of a video decoder 200, in
which a disclosed LM mode may be used. The video decoder
200 may correspond to the video encoder 105, and may
comprise an entropy decoder 210, a de-quantization module
220, an inverse transform module 230, a prediction module
240, and a reconstruction module 250 arranged as shown in
FIG. 3. In operation, an encoded bitstream containing infor-
mation of a sequence of video frames may be received by the
entropy decoder 210, which may decode the bitstream to an
uncompressed format. A matrix of quantized transform coef-
ficients may be generated, which may then be fed into the
de-quantization module 220, which may be the same or simi-
lar to the de-quantization module 160 in FIG. 3. Then, output
of'the de-quantization module 220 may be fed into the inverse
transform module 230, which may convert transform coeffi-
cients to residual values of a residual block. In addition,
information containing a prediction mode (e.g., the LM
mode) of the current block may also be decoded by the
entropy decoder 210. Based on the prediction mode, the pre-
diction module 240 may generate a prediction block for the
current block.
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Inan embodiment, the prediction module 240 is configured
to use a disclosed LM mode to generate a prediction block for
a current chroma block. The prediction block comprises a
plurality of predicted chroma samples, each of which may be
generated based on a first plurality of reconstructed luma
samples located in a corresponding reconstructed luma block
(already decoded), a second plurality of reconstructed luma
samples located in neighboring blocks (already decoded) of
the corresponding reconstructed luma block, and a plurality
of reconstructed chroma samples located in neighboring
blocks (already decoded) of the chroma block.

Upon generation of the prediction block for the current
chroma block, the reconstruction module 250 may combine
the residual chroma block with the prediction block to gen-
erate a reconstructed chroma block. Additionally, to facilitate
continuous decoding, some chroma samples of the recon-
structed chroma block may also serve as reference pixels for
intra prediction of future chroma blocks in the same frame.

In a video codec (e.g., the video encoder 105 or decoder
200), to simplity the LM mode used in intra prediction, the
chroma samples p[x, y] and filtered luma samples p;/[x, y]
may be downsampled prior to further processing. In one
embodiment, the chroma samples and filtered luma samples
are downsampled by using every second sample (if downsam-
pling by a factor of two) or every fourth sample (if downsam-
pling by a factor of four). Downsampling may occur if the
chroma block size is 16x16 or 8x8. In current proposed
HEVC implementations, the maximum chroma block size
may be 16x16. However, one of skill in the art will recognize
that if block sizes larger than 16x16 are employed, this down-
sampling scheme may be used.

For downsampling by a factor of N, equations (4) through
(7) may be rewritten as:

nSIN-1

nSIN-1 (19)
L= Pyl=1, Nxy]+ Z PyIN «x, —11| > &3

y=0 x=0

nS/N-1 nS/N-1 20)
C= pl=1, Nyl + Z pIN #x, —1]|> k3

y=0 x=0

nSIN-1 nS/N-1 2n
LL= Z Pyl=1, Nay]? + Z PyIN«x, 11| > k3

y=0 x=0

22)

nSIN—1
LC=[ D Y=L Nyl pl=1, Nyl +
y=0

nS/N-1

Z p’y[N*x,—1]*p[N*x,—1]]>>k3,
x=0

where k3 is redefined as k3=Max(0, BitDepth -+ log,(nS/N)-
14). Note that these equations reduce by a factor of N the
number of top and left neighboring luma and chroma samples
are used in the calculations. For example, if nS=8 and N=2,
only samples p[-1,0] p[-1,2] p[-1,4] p[-1,6] may be used in
the calculations and samples p[-1,1] p[-1,3] p[-1,5] p[-1,7]
may be skipped or not used. Similarly, only a portion of the
samples for p[x, -1], py_1, y], and p4[x, —1] may be used.
Thus, equations (19) through (22) may replace equations (4)
through (7) and the number of chroma samples and recon-
structed luma samples that are used may be reduced by a
factor of N.

There are at least two variations of this scheme. In a first
variation, for video coding and decoding, the number of top
and left reference samples used are downsampled to 4x4 if
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nS>4. That is, prediction block sizes of 16x16 may be down-
sampled by a factor of N=4, prediction block sizes of 8x8 may
be downsampled by a factor of N=2, and prediction block
sizes of 4x4 may not be downsampled. The first variation may
be referred to as a “downsampling to 4” case. In a second
variation, the number if top and left reference samples used
are downsampled to 8x8 if nS>8. In other words, prediction
block sizes of 16x16 are downsampled by a factor of N=2, but
prediction block sizes of 8x8 and 4x4 are not downsampled.
The second variation may be referred to as a “downsampling
to 8” case.

FIG. 4 is an illustration of downsampling of top (some-
times referred to as “above”) and left neighboring vectors of
filtered luma samples according to one embodiment. The
samples in 401 represent top and left neighboring vectors of
filtered luma samples. The relationship of these samples 401
to a filtered luma block, which corresponds to a received
chroma block, is illustrated in 102 of FIG. 1. After a down-
sampling process as illustrated in FIG. 4, the darkened
samples in the group of samples 402 represent the down-
sampled top and left neighboring vectors that may be used in
computing a predicted chroma block using equations (19),
(21), and (22). In a similar manner, top and left neighboring
vectors of chroma samples (neighboring a chroma block)
may be downsampled and used in equation (20) for comput-
ing a predicted chroma block.

Thus, the reduction of related additions and multiplications
may be as follows: (1) for the down sampling to 4 case there
may be a 75% reduction for blocks with size 16x16, a 50%
reduction for blocks with size 8x8, and no reduction for
blocks with size 4x4; and (2) for the down sampling to 8 case,
there may be a 50% reduction for blocks with size 16x16, and
no reduction for blocks with sizes 8x8 or 4x4.

Embodiments of the downsampling schemes discussed
above can be tested and compared with HEVC test model
(HM) anchors. To evaluate coding performance for the down-
sampling schemes, simulations were performed for both the
downsampling to 4 and downsampling to 8 cases under an
Intra High Efficiency (HE) configuration. Testing results
include the average percentage Bjontegaard Delta (BD) rates
for the three components of color space (Y, Cb, and Cr). In the
simulations, the BD rates of intra prediction using the dis-
closed LM mode were compared with the LM mode used in a
HM 5.0 anchor. The BD rate change for each case is as
follows: (1) for the downsampling to 4 case there may be a
0.06% loss on luma (Y), 0.65% loss on blue-difference
chroma (Cb), 0.52% loss on red-difference chroma (Cr); and
(2) for the downsampling to 8 case there may be a 0.02% loss
on luma (Y), 0.19% loss on blue-difference chroma (Cb),
0.13% loss on red-difference chroma (Cr). Thus, the impact
on coding performance of downsampling may be negligible.

In another embodiment of downsampling, an averaging
process may be employed to downsample luma and chroma
samples. For downsampling factor N, new quantities may be
defined as follows:

=

-1
py[-1, Nxy+i]

@23

=zl -

avgLl[y] =

I
=3

B

vt 24)
aveLClyl = 5> pl-1. Nxy +1]
=0
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-continued

= 25)

avgAL[x] = NZ Py[IN«x+i, —1]
i=0

and

= 26)
avgAC[x] = v pIN=x+1i,-1]

I
=3

B

for x,y=0, . . . nS/N-1.

The averaging process may be viewed as a sliding averag-
ing process or a sliding window averaging process wherein a
window of N samples is averaged and then the window is
moved to a next group of N samples. For example, for nS=8
and N=2, the following four pairs of chroma samples may be
averaged to yield four values of avglL.C: p[-1,0] and p[-1,1],
pl-1,2] and p[-1,3], p[-1,4] and p[-1,5], and p[-1,6] and
pl-1,7]. Similarly, four pairs of samples may be averaged to
yield four values of avgl.L, avgAL, and avgAC.

Given these new quantities, equations (4) through (7) may
be replaced by the following:

nSIN-1 nSIN-1 27
L= [ Z aveglL[y] + Z anAL[x]] > k3
=0 %=0
nSIN-1 nS/N—-1 (28)
C= [ Z avgLCly] + Z anAC[x]] > k3
=0 x=0
nSIN-1 nSIN-1 29
LL= [ Z anLL[y]2 + Z anAL[x]Z] > k3
y=0 x=0
IC= (30)

nS/N-1

nS/N-1
[ Z avglL[y] xavgLC[y] + Z anAL[x]*anAC[x]] > k3,

y=0 x=0

where k3 is redefined as k3=Max(0, BitDepth -+ log,(nS/N)-
14).

As with the first scheme, there are at least two variations of
this second scheme. As described earlier for the “downsam-
pling to 4” case, in a first variation, for video coding and
decoding, the number of top and left reference samples used
may be downsampled to 4x4 if nS>4. That is, prediction
block sizes of 16x16 may be downsampled by a factor of
N=4, prediction block sizes of 8x8 may be downsampled by
a factor of N=2, and prediction block sizes of 4x4 may not be
downsampled. In a second variation, referred to as the “down-
sampling to 8” case, the top and left reference samples may be
downsampled to 8x8 if nS>8. That is, prediction block sizes
of 16x16 may be downsampled by a factor of N=2, and
prediction block sizes of 8x8 and 4x4 may not be down-
sampled.

Table 2 shows testing results of the average downsampling
scheme for the downsampling to 8 case in comparison to the
HM 5.0 anchor. Testing results included the average percent-
age BD rates on a plurality of resolution classes (Classes A, B,
C, D, E, and F) for the three components of color space (Y, U,
and V), as well as encoding (Enc) and decoding (Dec) times.
In class A, only video sequences with an input bit depth of 8
are tested. Results suggest that the average BD rates of the
downsampling scheme show little to no change. For example,
the average BD rate of A, B, C, D, and E classes showed no
change for the Y and U components and increased by only
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0.02% for the V component. Further, the encoding (Enc) time
of the test case remained the same, and the decoding (Dec)
time increased by only 2%.

Table 3 shows testing results of the average downsampling
scheme for the downsampling to 4 case. As for Table 2, results
suggest that the average BD rates of the downsampling
scheme show little to no change.

TABLE 2
Results for the downsampling to 8 case.
All Intra HE
Y 8) A%
Class A (8 bit) 0.00% 0.00% 0.05%
Class B -0.01% 0.00% 0.05%
Class C 0.00% 0.00% 0.02%
Class D 0.00% 0.04% -0.01%
Class E 0.00% -0.04% -0.01%
Overall 0.00% 0.00% 0.02%
Overall with Class F 0.00% 0.01% 0.02%
Class F 0.00% -0.11% -0.05%
Enc Time[%] 100%
Dec Time[%] 102%
TABLE 3
Results for the downsampling to 4 case.
All Intra HE
Y 8) A%
Class A (8 bit) 0.02% 0.05% 0.15%
Class B 0.00% 0.06% 0.13%
Class C 0.00% -0.01% 0.03%
Class D 0.00% 0.08% 0.02%
Class E 0.00% 0.00% -0.06%
Overall 0.00% 0.04% 0.05%
Overall with Class F 0.00% 0.04% 0.06%
Class F -0.01% 0.00% 0.07%
Enc Time[%] 100%
Dec Time[%] 103%

FIG. 5 is a flowchart of an embodiment of an intra predic-
tion method 500 using a disclosed LM mode. The method 500
may be implemented in a video encoder (e.g., video encoder
105 in FIG. 2) and/or a video decoder (e.g., the video decoder
200 in FIG. 3). The method starts in step 510, wherein a video
frame or slice comprising a current chroma block may be
received. The video frame may also comprise already-coded
blocks including a reconstructed luma block corresponding to
the current chroma block, reconstructed luma samples neigh-
boring the corresponding luma block (e.g., top and left neigh-
boring vectors), and reconstructed chroma samples neighbor-
ing the current chroma block (e.g., top and left neighboring
vectors). The corresponding luma block comprises a plurality
of reconstructed luma samples.

Next, in step 520 the reconstructed luma samples may be
filtered or downsampled to generate filtered luma samples,
which will then be used as reference samples. After filtering,
a width of the corresponding reconstructed luma block may
be reduced to half, which equals a width of the current chroma
block. The filtering of the reconstructed luma samples may,
for example, proceed according to equations (2) and (3) and
as further illustrated in FIG. 1.

Next, in step 530, a decision is made whether the chroma
block has dimensions larger than MxM (i.e., a threshold
block size). If so, the method proceeds to step 540, wherein
top and left neighboring vectors of reconstructed chroma
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samples are obtained (e.g., vectors p [x, —1] and p[-1, y],
respectively, described previously), and step 550, wherein top
and left neighboring vectors of filtered reconstructed luma
samples are obtained (e.g., vectors p'y[x, =1] and p';{-1, v,
respectively, described previously). If the chroma block has
dimensions larger than 4x4, the method next proceeds to step
560. In step 560, the neighboring chroma and luma samples
are downsampled. For example, the neighboring chroma and
luma samples may be downsampled by selecting every Nth
sample as described earlier using, e.g., equations (19) through
(22), or by performing a sliding averaging process using, e.g.,
equations (23) through (26). As discussed previously, the
block size threshold may be 4x4 (e.g., downsampling to 4) or
8x8 (e.g., downsampling to 8) for employing downsampling.

In step 570, a prediction block for the chroma block is
generated based on neighboring chroma and luma samples
(e.g., if the chroma block is 4x4) or downsampled neighbor-
ing chroma and luma samples (e.g., if the chroma block is
larger than 4x4). The prediction block may be generated
using equations (9) through (18) with the calculations for L,
C, LL, and L.C depending on whether and what type of down-
sampling is used. The steps of the method 500 may be
repeated for a plurality of chroma blocks in the frame. Fur-
ther, the steps of the method 500 may be repeated for each of
a sequence of frames, and for each of a plurality of chroma
blocks in each frame.

The schemes described above may be implemented on any
general-purpose computer system, such as a computer or
network component with sufficient processing power,
memory resources, and network throughput capability to
handle the necessary workload placed upon it. FIG. 6 illus-
trates a schematic diagram of a general-purpose computer
system 600 suitable for implementing one or more embodi-
ments of the schemes, methods, or schematic diagrams dis-
closed herein, such as the video encoder 105, the video
decoder 200, and the intra prediction method 500. The com-
puter system 600 includes a processor 602 (which may be
referred to as a central processor unit or CPU) that is in
communication with memory devices including secondary
storage 604, read only memory (ROM) 606, random access
memory (RAM) 608, transmitter/receiver 610, and input/
output (I/O) device 612. Although illustrated as a single pro-
cessor, the processor 602 is not so limited and may comprise
multiple processors. The processor 602 may be implemented
as one or more CPU chips, cores (e.g., a multi-core proces-
sor), field-programmable gate arrays (FPGAs), application
specific integrated circuits (ASICs), and/or digital signal pro-
cessors (DSPs), and/or may be part of one or more ASICs.
The processor 602 may be configured to implement any ofthe
schemes, including implementation of pseudo code,
described herein, such as the video encoder 105, the video
decoder 200, and the intra prediction method 500. The pro-
cessor 602 may be implemented using hardware, software, or
both.

The secondary storage 604 is typically comprised of one or
more disk drives or tape drives and is used for non-volatile
storage of data and as an over-flow data storage device if the
RAM 608 is not large enough to hold all working data. The
secondary storage 604 may be used to store programs that are
loaded into the RAM 608 when such programs are selected
for execution. The ROM 606 is used to store instructions and
perhaps data that are read during program execution. The
ROM 606 is a non-volatile memory device that typically has
a small memory capacity relative to the larger memory capac-
ity of the secondary storage 604. The RAM 608 is used to
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store volatile data and perhaps to store instructions. Access to
both the ROM 606 and the RAM 608 is typically faster than
to the secondary storage 604.

The transmitter/receiver (or transceiver) 610 may serve as
an output and/or input device of the computer system 600. For
example, if the transmitter/receiver 610 is acting as a trans-
mitter, it may transmit data out of the computer system 600. If
the transmitter/receiver 610 is acting as a receiver, it may
receive data into the computer system 600. The transmitter/
receiver 610 may take the form of modems, modem banks,
Ethernet cards, universal serial bus (USB) interface cards,
serial interfaces, token ring cards, fiber distributed data inter-
face (FDDI) cards, wireless local area network (WLAN)
cards, radio transceiver cards such as code division multiple
access (CDMA), global system for mobile communications
(GSM), long-term evolution (LTE), worldwide interoperabil -
ity for microwave access (WiMAX), and/or other air interface
protocol radio transceiver cards, and other well-known net-
work devices. These transmitter/receiver devices 610 may
enable the processor 602 to communicate with an Internet or
one or more intranets.

1/0O devices 612 may include a video monitor, liquid crystal
display (LCD), touch screen display, or other type of video
display for displaying video, and may also include a video
recording device for capturing video. /O devices 612 may
also include one or more keyboards, mice, or track balls, or
other well-known input devices.

It is understood that by programming and/or loading
executable instructions onto the computer system 600, at least
one of the processor 602, the RAM 608, and the ROM 606 are
changed, transforming the computer system 600 in part into a
particular machine or apparatus, e.g., a video codec, having
the novel functionality taught by the present disclosure. It is
fundamental to the electrical engineering and software engi-
neering arts that functionality that can be implemented by
loading executable software into a computer can be converted
to a hardware implementation by well-known design rules.
Decisions between implementing a concept in software ver-
sus hardware typically hinge on considerations of stability of
the design and numbers of units to be produced rather than
any issues involved in translating from the software domain to
the hardware domain. Generally, a design that is still subject
to frequent change may be preferred to be implemented in
software, because re-spinning a hardware implementation is
more expensive than re-spinning a software design. Gener-
ally, a design that is stable that will be produced in large
volume may be preferred to be implemented in hardware, for
example in an application specific integrated circuit (ASIC),
because for large production runs the hardware implementa-
tion may be less expensive than the software implementation.
Often a design may be developed and tested in a software
form and later transformed, by well-known design rules, to an
equivalent hardware implementation in an application spe-
cific integrated circuit that hardwires the instructions of the
software. In the same manner as a machine controlled by a
new ASIC is a particular machine or apparatus, likewise a
computer that has been programmed and/or loaded with
executable instructions may be viewed as a particular
machine or apparatus.

At least one embodiment is disclosed and variations, com-
binations, and/or modifications of the embodiment(s) and/or
features of the embodiment(s) made by a person having ordi-
nary skill in the art are within the scope of the disclosure.
Alternative embodiments that result from combining, inte-
grating, and/or omitting features of the embodiment(s) are
also within the scope of the disclosure. Where numerical
ranges or limitations are expressly stated, such express ranges
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or limitations may be understood to include iterative ranges or
limitations of like magnitude falling within the expressly
stated ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12,
0.13, etc.). For example, whenever a numerical range with a
lower limit, R,, and an upper limit, R, is disclosed, any
number falling within the range is specifically disclosed. In
particular, the following numbers within the range are spe-
cifically disclosed: R=R+k*(R,~R,), wherein k is a variable
ranging from 1 percent to 100 percent with a 1 percent incre-
ment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5
percent, . . . , 50 percent, 51 percent, 52 percent, . . ., 95
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any numerical range defined by two R
numbers as defined in the above is also specifically disclosed.
The use of the term “about” means+/—-10% of the subsequent
number, unless otherwise stated. Use of the term “optionally™
with respect to any element of a claim means that the element
is required, or alternatively, the element is not required, both
alternatives being within the scope of the claim. Use of
broader terms such as comprises, includes, and having may be
understood to provide support for narrower terms such as
consisting of, consisting essentially of, and comprised sub-
stantially of. Accordingly, the scope of protection is not lim-
ited by the description set out above but is defined by the
claims that follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incor-
porated as further disclosure into the specification and the
claims are embodiment(s) of the present disclosure. The dis-
cussion of a reference in the disclosure is not an admission
that it is prior art, especially any reference that has a publica-
tion date after the priority date of this application. The dis-
closure of all patents, patent applications, and publications
cited in the disclosure are hereby incorporated by reference,
to the extent that they provide exemplary, procedural, or other
details supplementary to the disclosure.

While several embodiments have been provided in the
present disclosure, it may be understood that the disclosed
systems and methods might be embodied in many other spe-
cific forms without departing from the spirit or scope of the
present disclosure. The present examples are to be considered
as illustrative and not restrictive, and the intention is not to be
limited to the details given herein. For example, the various
elements or components may be combined or integrated in
another system or certain features may be omitted, or not
implemented.

In addition, techniques, systems, subsystems, and methods
described and illustrated in the various embodiments as dis-
crete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown
ordiscussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating
through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Other
examples of changes, substitutions, and alterations are ascer-
tainable by one skilled in the art and may be made without
departing from the spirit and scope disclosed herein.

What is claimed is:

1. A video codec comprising:

a processor configured to:

generate a prediction block for a chroma block, wherein the
prediction block comprises a predicted chroma sample,
wherein the predicted chroma sample is based on:
a filtered reconstructed luma sample located in a corre-

sponding reconstructed luma block;
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a plurality of downsampled filtered reconstructed luma
samples located in positions neighboring the corre-
sponding reconstructed luma block, the down-
sampled filtered reconstructed luma samples com-
prise every Nth filtered reconstructed luma sample of
a top neighboring vector of reconstructed luma
samples and a left neighboring vector of recon-
structed luma samples, where N is an integer greater
than one; and

a plurality of downsampled chroma samples located in
positions neighboring the chroma block, the down-
sampled chroma samples comprise every Nth chroma
sample of a top neighboring vector of chroma samples
and a left neighboring vector of chroma samples;

generate a second reconstructed luma block corresponding
to a second chroma block; and

generate a second prediction block for the second chroma
block based on the corresponding second reconstructed
luma block, wherein the second prediction block is fur-
ther based on a subset of a plurality of filtered recon-
structed luma samples located in positions neighboring
the second reconstructed luma block when the second
chroma block is of dimension 16x16 or 8x8, wherein the
subset is obtained by downsampling, and otherwise
wherein the second prediction block is further based on
the plurality of filtered reconstructed luma samples
located in positions neighboring the second recon-
structed luma block.

2. A video codec comprising:

a processor configured to:

generate a prediction block for a chroma block, wherein the
prediction block comprises a predicted chroma sample,
wherein the predicted chroma sample is based on:

a filtered reconstructed luma sample located in a corre-
sponding reconstructed luma block;

a plurality of downsampled filtered reconstructed luma
samples located in positions neighboring the corre-
sponding reconstructed luma block, wherein the
downsampled filtered reconstructed luma samples
comprise a sliding average of a top neighboring vector
of reconstructed luma samples and a left neighboring
vector of reconstructed luma samples; and

a plurality of downsampled chroma samples located in
positions neighboring the chroma block, the down-
sampled chroma samples comprise a sliding average
of a top neighboring vector of chroma samples and a
left neighboring vector of chroma samples;

wherein the sliding average of the top neighboring vector
of reconstructed luma samples comprises

1 N-1

Zp’y[zv*xn,—u

N i=0
forx=0, ..., nS/N-1, where nS is a dimension of the chroma
block, N is a downsampling factor, and p,/[x, -1] for x=
0, ..., nS-1 is the left neighboring vector, and wherein the
sliding average of the left neighboring vector of reconstructed
luma samples comprise

1N—1
Zp’y[—l,N*y+i]
=0

=|

5

10

15

20

30

40

50

55

60

65

18

fory=0, ..., nS/N-1, where p,/[-1, y] fory=0, ..., nS-11is
the top neighboring vector.

3. A method used in video coding to generate predicted
chroma samples for a chroma block, comprising:

downsampling, performed by a video coder at least par-

tially implemented in hardware, filtered reconstructed
luma samples located in positions neighboring a recon-
structed luma block to generate a plurality of down-
sampled filtered reconstructed luma samples, the down-
sampled filtered reconstructed luma samples comprise
every Nth filtered reconstructed luma sample of a top
neighboring vector of reconstructed luma samples and a
left neighboring vector of reconstructed luma samples,
where N is an integer greater than one;

downsampling, performed by the video coder, recon-

structed chroma samples located in positions neighbor-
ing a chroma block to generate a plurality of down-
sampled reconstructed chroma samples, the
downsampled chroma samples comprise every Nth
chroma sample of a top neighboring vector of chroma
samples and a left neighboring vector of chroma
samples; and

generating, performed by the video coder, a prediction

block for the chroma block, wherein the prediction block

comprises a predicted chroma sample, wherein the pre-

dicted chroma sample is based on:

a filtered reconstructed luma sample located in the
reconstructed luma block;

the plurality of downsampled filtered reconstructed
luma samples; and

the plurality of downsampled reconstructed chroma
samples; and

generating a second reconstructed luma block correspond-

ing to a second chroma block; generating a second pre-
diction block for the second chroma block based on the
corresponding second reconstructed luma block,
wherein the second prediction block is further based on
a subset of a plurality of filtered reconstructed luma
samples located in positions neighboring the second
reconstructed luma block when the second chroma
block is of dimension 16x16 or 8x8, wherein the subset
is obtained by downsampling, and otherwise wherein
the second prediction block is further based on the plu-
rality of filtered reconstructed luma samples located in
positions neighboring the second reconstructed luma
block.

4. The method of claim 3, wherein the downsampled fil-
tered reconstructed luma samples comprise an average of a
top neighboring vector of reconstructed luma samples and a
left neighboring vector of reconstructed luma samples.

5. The method of claim 4, wherein the downsampled
chroma samples comprise a sliding average of a top neigh-
boring vector of chroma samples and a left neighboring vec-
tor of chroma samples.

6. The method of claim 5, wherein the sliding average of
the top neighboring vector of reconstructed luma samples
comprise

1 N-1
—Z PyINex+i, 1]
N i=0
forx=0, ...,nS/N-1, where nS is a dimension of the chroma

block, N is a downsampling factor, and p,[x, —-1] for
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x=0, ..., nS-1 is the left neighboring vector, and wherein the
sliding average of the left neighboring vector of reconstructed
luma samples comprises

for y=0, . .., nSN-1, where p;/[-1, y] fory=0,...,nS-11is
the top neighboring vector.
7. A video codec comprising:
a processor configured to:

generate a filtered reconstructed luma block correspond-
ing to a chroma block;

downsample a plurality of filtered reconstructed luma
samples and a plurality of reconstructed chroma
samples to generate downsampled filtered recon-
structed luma samples and downsampled recon-
structed chroma samples, respectively, when the
chroma block is larger than a threshold block size, the
plurality of filtered reconstructed luma samples are
located in neighboring blocks of the filtered recon-
structed luma block, and the plurality of reconstructed
chroma samples are located in neighboring blocks of
the chroma block;

generate a prediction block for the chroma block, the
prediction block comprises a plurality of predicted
chroma samples, each of the plurality of predicted
chroma samples is based on:
a corresponding reconstructed luma sample located in

a corresponding reconstructed luma block;
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the downsampled filtered reconstructed luma samples
and the downsampled reconstructed chroma
samples when the chroma block is larger than the
threshold block size; and

the plurality of filtered reconstructed luma samples
and the plurality of reconstructed chroma samples
when the chroma block is equal to the threshold
block size,

wherein the threshold block size is 4x4, and the downsam-

pling of is by a factor of two when the chroma block is
8x8 and the downsampling is by a factor of four when
the chroma block is 16x16.

8. The video codec of claim 7, wherein the downsampling
of the filtered reconstructed luma samples comprises per-
forming a sliding average of a top neighboring vector of
reconstructed luma samples and a left neighboring vector of
reconstructed luma samples.

9. The video codec of claim 8, wherein the downsampling
of'the reconstructed chroma samples comprises performing a
sliding average of a top neighboring vector of chroma
samples and a left neighboring vector of chroma samples.

10. The video codec of claim 7, wherein the downsampling
of the filtered reconstructed luma samples comprises select-
ing every Nth filtered reconstructed luma sample of a top
neighboring vector of reconstructed luma samples and a left
neighboring vector of reconstructed luma samples, where N
is an integer greater than one.

11. The video codec of claim 10, wherein the downsam-
pling of chroma samples comprises selecting every Nth
chroma sample of a top neighboring vector of chroma
samples and a left neighboring vector of chroma samples.
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